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First correlation result from pPb pilot run 
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Yes, there is a ridge in pA!!! 
 

Much more significant than in pp! 

Confirmed later by ALICE and ATLAS 

Submitted in October, 2012 
(one month after data taking) 

Slide	  from	  Wei	  Lei,	  Rice	  University	
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pp <N>~15, 1<pT<3 GeV/c 

The “ridge” in pp collisions 

pp N>110, 1<pT<3 GeV/c 

No ridge observed in minimum bias pp or any pp MC generators 

Two-particle Δη-Δϕ correlation 

pA	  vs.	  pp	

Signal	  is	  expected	  to	  be	  smaller	  in	  pp.	  
Requires	  more	  staMsMcs	  than	  pA.	  
Requires	  more	  staMsMcs	  than	  pA	



Experiment	 pA,	  dA	 pp	

CMS	 ✔	 ✔	

ALICE	 ✔	 ✔	

ATLAS	 ✔	

PHENIX	 ✔	

STAR	 ?	
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Measurement of long-range angular correlation and quadrupole anisotropy of pions

and (anti)protons in central d+Au collisions at

p
sNN = 200 GeV
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Observed	  v2	  in	  dAu	  @	  PHENIX	
4

The data were obtained from p+p in the 2008 and 2009
experimental runs and d+Au in the 2008 run with the
PHENIX detector. The event centrality class in d+Au
collisions is determined as a percentile of the total charge
measured in the PHENIX beam-beam counter covering
�3.9 < ⌘ < �3.0 on the Au-going side [16]. For the top
5% central d+Au collisions, the corresponding number of
binary collisions and number of participants are 18.1±1.2
and 17.8± 1.2 respectively [16].

Charged particles used in this analysis are recon-
structed in the two PHENIX central-arm tracking sys-
tems, consisting of drift chambers and multi-wire propor-
tional pad chambers (PC) [17]. Each arm covers ⇡/2 in
azimuth and |⌘| < 0.35, and the tracking system achieves
a momentum resolution of 0.7%�1.1%p GeV/c.

The drift-chamber tracks are matched to hits in the
third layer of the PC, reducing the contribution of
tracks originating from decays and photon conversions.
Hadron identification is achieved using the time-of-flight
detectors, with di↵erent technologies in the east and
west arms, for which the timing resolutions are 130 ps
and 95 ps, respectively. Pions and (anti)proton tracks
are identified with over 99% purity at momenta up to
3 GeV/c [18, 19] in both systems.

Energy deposited at large rapidity in the Au-going di-
rection is measured by the towers in the south-side Muon
Piston Calorimeter (MPC-S) [20]. The MPC-S comprises
192 towers of PbWO4 crystal covering 2⇡ in azimuth and
�3.7 < ⌘ < �3.1 in pseudorapidity, with each tower sub-
tending approximately �⌘⇥�� ⇡ 0.12⇥0.18. Over 95% of
the energy detected in the MPC is from photons, which
are primarily produced in the decays of ⇡0 and ⌘ mesons.
Photons are well localized, as each will deposit over 90%
of its energy into one tower if it hits the tower’s center.
To avoid the background from noncollision noise sources
and cut out the deposits by minimum ionization parti-
cles (⇠ 245 MeV), we select towers with deposited energy
ETower > 3 GeV.

We first examine the long-range azimuthal angular cor-
relation of pairs consisting of one track in the central
arm and one tower in the MPC-S. Because the towers
are mainly fired by photons, and the azimuthal extent
of each energy deposition is much smaller than the size
of azimuthal angular correlation from jet or elliptic flow,
these track-tower pair correlations will be good proxies
for hadron-photon correlations without attempting to re-
construct individual photon showers. We construct the
signal distribution S(��, pT ) of track-tower pairs over
relative azimuthal opening angle �� ⌘ �Track � �Tower,
each with weight wtower, in bins of track transverse mo-
mentum pT .

S(��, pT ) =
d(wTowerN

Track(pT )�Tower
Same event )

d��
(1)

Here �Track is the azimuth of the track as it leaves the
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FIG. 1: The azimuthal correlation functions C(��, pT ), as
defined in Eq. 2, for track-tower pairs with di↵erent track
pT selections in 0%–5% central d+Au collisions (left) and
minimum bias p+p collisions (right) at

p
sNN = 200 GeV.

From top to bottom, the track pT bins are 0.2–1.0 GeV/c,
1.0%–2.0 GeV/c and 2.0%–4.0 GeV/c. The pairs are formed
between charged tracks measured in the PHENIX central
arms at |⌘| < 0.35 and towers in the MPC-S calorimeter
(�3.7 < ⌘ < �3.1, Au-going). A near-side peak is observed
in the central d+Au which is not seen in minimum bias p+p.
Each correlation function is fit with a four-term Fourier co-
sine expansion; the individual components n = 1 to n = 4 are
drawn on each panel, together with the fit function sum.

primary vertex, �Tower is the azimuth of the center of the
calorimeter tower. The wTower is chosen as the tower’s
transverse energy ET = ETower sin (✓Tower). This quan-
tity is found to be less sensitive to occupancy e↵ects
which result from multiple hits in the same tower, or a
single hit which distributes its signal between more than
one tower. To correct for the nonuniform PHENIX az-
imuthal acceptance in the central arm tracking system,
we then construct the corresponding “mixed-event” dis-
tribution M(��, pT ) over track-tower pairs, where the
tracks and tower signals are from di↵erent events in the
same centrality and vertex position class. We then con-
struct the normalized correlation function

C(��, pT ) =
S(��, pT )

M(��, pT )

R 2⇡
0

M(��, pT ) d��
R 2⇡
0

S(��, pT ) d��
(2)

whose shape is proportional to the true pairs distribution
over ��.
Figure 1 shows the correlation functions C(��, pT ) for

di↵erent pT bins, for the top 5% most central d+Au
collisions and for minimum bias p+p collisions. Near
head-on d+Au collisions show a visible enhancement of
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(�3.7 < ⌘ < �3.1, Au-going). A near-side peak is observed
in the central d+Au which is not seen in minimum bias p+p.
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Minimum	  bias	  :	  pp	

6	

Elementary	  process	  (not	  flow)	

Minimum	  bias	  :	  dAu	

v2	  component	  (red	  curve)	



Track	  MulMplicity	  vs.	  rapidity	

7	

PHOBOS Phys. Rev. 
C72, 031901 

d-‐going	Au-‐going	
v2	 smaller	Larger	

0	  ~	  20%	

0	  ~	  5%	

~60	

~20	 For	  0	  ~	  5%	  centrality,	  
track	  mulMplicity	  is	  20	  in	  
d-‐going	  and	  60	  in	  Au-‐
going	  side	  in	  FVTX	  
rapidity	  region.	  	

For	  pp	  ~	  40	  ?	  
We	  set	  trig	  threshold	  to	  be	  30.	



Required	  RejecMon	  Power	
#	  of	  Tracks	  /	  arm	 >	  0	 >	  10	 	  >	  20	 >	  30	 >	  40	

FracMon	  in	  MB	 100%	 10%	 0.7%	 0.04%	 0.008%	

Rates	  in	  MB	 1MHz	 100kHz	 7kHz	 400Hz	 80Hz	

Required	  
RejecMon	  Power	 1	 10	 142	 2,500	 12,500	

8	

#	  of	  Tracks	  in	  FVTX	  /	  arm	  @	  510GeV	  pp	

Run13	  Data	

Assuming	  BBC	  rate	  of	  1MHz,	  
rates	  for	  #	  of	  tracks	  >	  30	  in	  
FVTX	  is	  about	  400Hz	  at	  500GeV.	



Key	  Features	  to	  observe	  Ridge	

•  0	  ~	  5%	  centrality	  =>	  20	  ~	  60	  tracks	  /	  rapidity	  unit	  
•  pp	  is	  symmetric	  collision,	  so	  take	  average	  40	  as	  
the	  signal	  region.	  

•  The	  higher	  the	  mulMplicity,	  collecMve	  moMon	  
effect	  expected	  to	  be	  larger.	  

•  80	  Mevents	  Cental	  dA	  Events	  in	  Run8	  
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•  FVTX	  North	  and	  South	  separate	  trigger	  bits	  
•  Assuming	  100Hz	  per	  arm	  (Total	  200Hz)	  
•  200Hz	  x	  3600s	  x	  24h	  x	  7days	  x	  9	  weeks	  x	  30%	  
DAQ	  Mme	  ~	  300M	  high	  mulMplicity	  events	  

Goal	  of	  Run	  15	

-‐>	  Purity	  of	  the	  trigger	  is	  the	  issue	

# trigger(# track > 30) = # trigger× purity



Note	
•  Trigger	  efficiency,	  rejecMon	  power	  and	  
prescale	  factor	  do	  not	  affect	  on	  this	  total	  
triggered	  event	  esMmaMon,	  because	  constant	  
100Hz	  is	  assumed.	  
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•  FVTX	  North	  and	  South	  separate	  trigger	  bits	  
•  Assuming	  100Hz	  per	  arm	  (Total	  200Hz)	  
•  200Hz	  x	  3600s	  x	  24h	  x	  7days	  x	  9	  weeks	  x	  30%	  
DAQ	  Mme	  ~	  300M	  high	  mulMplicity	  events	  

Goal	  of	  Run	  15	



FVTX	  TRIGGER	  TERMINOLOGY	
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#track'>'
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limited'
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#track'>'
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TRIGGER'

13	

•  At	  least	  one	  hit	  in	  3	  out	  of	  4	  staMons	  is	  required	  within	  a	  
half	  sector	  ((Δφ=7.5o).	  -‐>	  TrackFlag.	  

•  If	  there	  are	  more	  than	  two	  tracks	  within	  a	  given	  sector	  
(Δφ=15o),	  the	  second	  one	  won’t	  be	  counted.	  

We	  Request	  Two	  Trigger	  bits	  (one	  per	  arm)	  for	  FVTX	  trigger.	  	

AND	 Limited	  to	  
1bit	



Trigger	  Concept	

MulM	  Track	 MulM	  Hit	

How	  well	  we	  can	  
trigger	  mulM	  track	  
events	  by	  mulM	  hit	  
algorithm?	

14	

Trigger	  used	  in	  CMS	



FVTX	  Trigger	  
Parameters	  	
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StaMon-‐0	
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StaMon-‐2	
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Wedge	
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#hits'>'
3/4staBons�

OR'
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FEM	  Trigger	

FEM-‐IB	

Discri.	

TTL-‐>ECL	

ECL-‐>	  TTL	

RBIB
	

GL1
	

BCLK	0	 9	 14	 17~18	

collision	

1	  BLKC	  process	  	  
+	  delay	  w

indow
	  4	  Beam

	  Clocks?)	  

1	  BCLK	  process	  
+	  1	  BCLK	  M

ulit	  FEM
	  w
indow

	  
+	  1	  BCLK	  latch

　
	  +	  delay	
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2BCLK	

FVTX	  Trigger	  Timing	  Chart	  
	

In	  theory,	  we	  can	  assign	  4	  beam	  
clock	  window	  for	  hits	  to	  arrive.	  We	  
can	  set	  threshold	  for	  4	  hits/wedge.	

1	  hit/wedge/BCLK	



TRIGGER	  PERFORMANCE	
Run13	  pp	  data	  was	  used.	  #of	  tracks	  could	  be	  lower	  in	  200GeV.	
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-‐>	  14	  total	  tracks/arm	

Number	  of	  Track	  DistribuMon	 Number	  of	  Hit	  DistribuMon	

Turn	  on	  around	  25	
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Issues	  
1.  Poor	  staMsMcal	  accuracy	  on	  efficiency	  
2.  Trigger	  turn	  on	  gets	  too	  high?	  

-‐>	  18	  total	  tracks/arm	



Performance	  	
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6	  ~	  9	

Need	  more	  staMsMcs	  to	  
observe	  the	  efficiency	  
drop	

The	  purity	  won’t	  go	  beyond	  0.25	

Blue	  :	  North	  
Red	  :	  South	



MulM-‐Track	  vs.	  MulM-‐Hit	  Algorithm	
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MulMTrack	

MulMHit	
Low	  track	  events	  are	  more	  suppressed	  in	  MulM-‐Track	  than	  MulM-‐Hit	  Mode	



Figure	  of	  Merit	
•  There	  is	  some	  correlaMon	  between	  purity	  and	  rejecMon	  
power.	  The	  higher	  the	  rejecMon	  power,	  the	  higher	  the	  
purity.	  

•  The	  present	  purity	  0.25	  scales	  down	  expected	  total	  
events	  from	  300M	  to	  80M.	  

•  So	  far,	  the	  best	  performance	  is	  provided	  by	  Mghter	  
condiMon	  with	  higher	  rejecMon	  power	  with	  smaller	  
prescale.	  

•  Need	  to	  explore	  even	  Mghter	  condiMon	  with	  high	  
staMsMcs	  data	  sample.	  (x10	  stat	  data	  producMon	  is	  
completed).	  

•  CombinaMon	  trigger	  with	  mulM-‐track	  and	  mulM-‐hit	  
algorithm	  will	  be	  explored.	  
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HARDWARE	  STATUS	
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FEM-‐IB	  Cable	

24	

4	  FEM-‐IB	  cables	  were	  made	  and	  they	  are	  ready	  to	  be	  installed.	  	  
Beser	  wait	  unMl	  January	  when	  Eric	  comes	  back?	

FEM	  end	

FEM-‐IB	  end	



Trigger	  Cable	  @	  FEM	  Board	

25	

Test	  Pin	  OUT	

Serial	  Wire	

To	  FEM-‐IB	  Test-‐Pin	
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FEM	  -‐>	  FEM-‐IB	  InstallaMon	

27	
November	  5th,	  2014	
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FEM-‐IB	  -‐>	  GL1	

FEM	  Trigger	

FEM-‐IB	

Discri.	

TTL-‐>ECL	

ECL-‐>	  TTL	

RBIB
	

GL1
	

BCLK	0	 9	 14	 17~18	

collision	

2BCLK	

1	  hit/wedge/BCLK	



Works	  to	  be	  done	

•  OpMmizaMon	  of	  trigger	  parameters.	  
•  Trigger	  parameters	  control	  via	  slow	  control	  
(Aaron).	  

•  Trigger	  efficiency	  measurement	  at	  test	  bench	  
(Toru)	  

•  Chain	  test	  with	  mulMple	  FEMs	  at	  1008.	  
•  Trigger	  Timing	  measurement	  with	  cosmic.	  
	  



BACKUPS	

30	



DIFFERENCE	  BETWEEN	  ONLINE	  AND	  
OFFLINE	  TRACK	
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Difference	  in	  Track	  Criteria	

This	  track	  will	  be	  
recognized	  as	  track	  in	  
both	  online	  and	  offline.	

A	

FEM	  track	  frag	

Offline	  track	

FEMi	

B	

C	

B	

This	  category	  won’t	  
be	  picked	  up	  by	  the	  
trigger	  -‐>	  cause	  of	  
survival	  tracks	



Difference	  in	  Track	  Criteria	

This	  track	  leaves	  only	  2	  hits	  
in	  FVTX	  and	  won’t	  saMsfy	  ¾	  
staMon	  criteria	  in	  the	  trigger	

A	

FEM	  track	  frag	

Offline	  track	

FEMi	

B	

C	

C	



Difference	  in	  Track	  Criteria	

•  This	  differences	  can	  cause	  
small	  fracMon	  survives	  FEM	  
track	  frag>x	  trigger	  condiMon	

A	

FEM	  track	  frag	

Offline	  track	

FEMi	

FEMi+1	

B	

C	
A	

C	
C	  -‐>	  B	

This	  category	  won’t	  
be	  picked	  up	  by	  the	  
trigger	  -‐>	  cause	  of	  
survival	  tracks	

Possibly	  remove	  
the	  border	  within	  
FEM	  FPGA	  



FVTX	  Alignment	
y-‐axis	

x-‐axis	

FVTX	  Event	  Display	

track	



St-‐0	 St-‐1	 St-‐2	 St-‐3	

Wedges	  are	  slightly	  staggered	  
in	  phi	  direcMon	  to	  gain	  phi	  
resoluMon	  on	  	  purpose	

This	  mismatch	  of	  phi	  angle	  between	  staMons	  enhances	  “category	  C”	



Low	  #	  Track	  Leak	  Cause	  Summary	
1.  Online	  trigger	  won’t	  recognize	  track	  which	  

crosses	  boarder	  between	  sectors	  
2.  Online	  trigger	  won’t	  have	  VTX	  hit	  informaMon.	  
3.  FVTX	  staMons	  are	  staggered	  by	  a	  lisle	  bit	  in	  phi	  

direcMon	  
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No	  trivial	  soluMons	  without	  
significant	  revise	  in	  hardware	  
configuraMon	



Figure	  of	  Merit	

RP = BBC
trigger
BBC

RP× prescale
= trigger =150Hz

prescale = BBC
150Hz×RP

=
1.5MHz

150Hz×RP
=
104

RP

Signal = trigger× efficiency× purity
prescale

=
trigger× effiicency× purity×RP

104

Figure	  of	  Merit	

Assuming	  “trigger”	  rate	  is	  fixed	  to	  be	  100	  ~	  200Hz/arm,	  then	  the	  number	  of	  
signal	  is	  defined	  as	  mulMplicaMve	  funcMon	  of	  the	  efficiency,	  purity,	  and	  RP.	

Signal	  =	  number	  of	  high	  mulM-‐track	  events	


